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*    Appeared as  a Letter-to-the-Editor,   J.A.C.S.   76,  754  (1953) 

Although it has been widely bsliaved that  the molecules 

of cellulose derivatives  are  considerably more  extended than  typi- 

cal vinyl polymers,   the  direct  evidence  supporting this  is  prini- 
o 

pally that of early light  scattering measurements   ,   the  accuracy 

of which might be  in doubt  due  to the  colloidal contaminants which 

are  difficult to remove.    We report here current work on the  angular 

distribution of scattered light from sodium carboxymethyl cellulose 

(unfractionated,  1.15 Acid groups  per glucose),  HaCMC,  and cellulose 

trinitrate  (fractionated),  CN, which define more  precisely the  ex- 

tent of colling  in these  derivatives  and  demonstrate  the inapplica- 

billty of the  Flory-Fox    relation to cellulose  derivatives  of low 

and moderate molecular weight. 

The  customary interpretation of Zimm plots of the  scatter- 

ing data for NaCMC   showed its  weight  average molecular weight  to be 

430,000  and  its   z-average  end-to-end length to  be 2410,   2590,   and 

3100 X.   in 0.5,  0.05,   and 0.01 N NaCl solutions respectively.     The 

corresponding  intrinsic   viscosities were  7.03,   10.1,   and 15.9. 

These sizes  are to be compared with the  contour  length which is 

estimated to  be  5280 X»   on the  assumption that  the  z-average molecular 

weight is   1.5 times   the weight  average  one,     Hence  the mean length 

of these chains  is  about half their  contour  length.     Since  the 

Gaxissian distribution of  segments   is   r*o  longer a good  approximation 
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for chains with valence Angle near 110    when the mean length is 
4 

more than one-third the contour length , we are clearly dealing 

with non-Gaussian chains. 

This   fact has implications in both light scattering and 

intrinsic viscosity interpret at ions,,    In the former it means that 

the radius of gyration and not the mean length should be evaluated 

from the data since it is only the radius that can unambiguously be 

determined*    The mean length is  equal to   \/6 times the radius for 

fKauB'3lan»wllB tnft   UIB pi'uyui'liujmfl-lly cunytrant inei»UkS«H "to   j/121 

as   a rod-like configuration is approached.    Consequently,  the 

sizes listed above are the radii of gyration divided by   \/eB     it 

is of Interest to note that the reciprocal intensity versus sin   0/2 

plot has a pronounced downward curvature as would be expected for 

chains deviating from Gaussian behavior.    Consequently,  the use of 

dissymmetry measurements leads  to dimensions  that are too smallo 

With respect to  intrinsic viscosity,  it is  clear that non- 

Gaussian chains of this type cannot possibly satisfy the premise of 

the Plory-Pox relation,  that is that the effective hydrodynamic 

volume of the polymer molecule is  spherical and can be characterized 

by • ifadlus that varies  directly with a linear parameter of the 

Gaussian distribution*    Thia  is  borne out by the constant jO of the 

Plory-Pox relation calculated  from the mean  lengths   and intrinsic 

viscosities  given  above and the z-average molecular weight*     It  is 

found to have values of about 0,31 x 10"    In contrast to 2al x 10 * 

for Gaussian coiled polymers.    The u^e  of the  latter value implies 

that  the unusually large temperature dependr»r.i.je ui   the viscosity 

observed In cellulose  derivatives  results  solely from changes  In 

dimensions,    When the chains are non-Gausaian,   however,  the temperature 
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dependenco of if  tends to mask these dimensional changes. Consequently, 

the dimensions of cellulose derivatives cannot be determined from vis- 

cosity measurements except within the region of high molecular weight 

or high temperature where the configurations are Gaussian. The neglect 

of these considerations has led to the erroneous conclusion that 

cellulose derivatives at ordinary temperatures are as flexible as 
5 

typical vinyl polymers . 

As an example of Gaussian behavior possible in cellulose 

derivatives of high molecular weight, we report measurements on one 

CN fraction in acetone which was found to have a molecular weight of 

2.5 million and a mean length of 4070 %.    The ratio of this to the 

contour length is 1:10. Assuming that the mean end-to-end length 

is proportional to the square root of the molecular weight, we find 

that the transition from Gaussian to non-Gaussian character occurs 

at a molecular weight of about 130,000 for CN, Of course, the transi- 

tion occurs at a higher molecular weight for NaCMC since it is some- 

what more extended.  In the CN fraction mentioned the intrinsic 

viscosity calculated from the Plory-Fox relation with correction for 

polydispersity is 28.5 which compares favorably with 31.5 obtained 

from extrapolating measured values to zero gradient. 
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